Aims: Although varied methods are used in estimating alcohol consumption, there has been no methodological comparison of these methods in China. The aim of this study is to compare different methods used for estimating drinking indices, such as annual per capita consumption, and proportions of risk drinking. Methods: A cross-sectional household survey using a multistage systematic sampling technique was conducted in Yunnan Province of China. The beverage-specific quantity frequency (BSQF), tri-level, last 7-day (L7D) and beverage-specific yesterday (BSY) methods were used. Results: A total of 977 subjects aged 12-35 years were surveyed. The BSQF yielded the highest annual per capita consumption (2094.2 g), followed by the tri-level (1430.8), L7D (983.0) and BSY (409.7 g) methods. The annual per drinker consumption quantities were 1762.1, 938.5, 865.7 and 493.3 g for tri-level, BSQF, L7D and BSY methods, while the proportions of high-risk drinking were 13.4, 9.4, 4.8 and 2.5%, respectively. Conclusion: The BSQF method is more suitable for measurement of annual per capita alcohol consumption in this population. The tri-level approach is a promising substitution of the graduated quantity frequency (GF) method if implemented with caution for both quantity and pattern of alcohol consumption.
INTRODUCTION
Harmful use of alcohol is a risk factor for over 200 diseases and injuries and a cause of ∼3.3 million deaths (5.9% of all deaths worldwide) each year (WHO, 2014) . In China, alcohol consumption has increased faster than in other parts of the world (Tang et al., 2013) . These dramatic increases, noted after the 1980s, resulted from the fast economic development of China and the parallel rise in average income level, making China the largest beer-producing country in the world (Tang et al., 2013) . From 2006 to 2010, there was an increasing trend of alcohol consumption in China, which could be related to aggressive marketing tactics by the alcohol industry and increasing income of the population of China (WHO, 2014) . WHO estimated that in 2025, per capita alcohol consumption among people aged 15 years and above in the world will continue to increase if there is no effective policy utilized to reverse this trend.
To reduce the harmful intake of alcohol is one of the public health priorities (WHO, 2014) . To fulfil this aim, accurate and reliable baselines of alcohol consumption among populations are needed.
Various approaches have been used for measuring alcohol consumption and related problems. Some of these are quantity frequency (QF), graduated quantity frequency (GF) and last 7-day (L7D) methods.
The QF approach asks two questions: 'How much alcohol do you usually drink?' and 'How often do you drink?' This measure originated from Straus and Bacon in 1953 and has become one of the most widely and applicative tools for alcohol consumption used in surveys (Bloomfield et al., 2011) .
The main merit of the QF method is that it places a low burden on respondents and gives a prompt and efficient measure in large samples (Del Boca and Darkes, 2003) . However, the standard QF method is prone to underestimate daily consumption as the approach fails to capture alcohol consumed in heavy drinking days and occasions (Stahre et al., 2006) . There have been several modifications to augment its accuracy and have raised the reported alcohol consumption volume. One of these is the beverage-specific quantity frequency (BSQF) measure. It asks usual frequency and quantity for each beverage, similar to the QF measure. Compared with QF, BSQF reports a higher quantity of alcohol consumed (Gmel et al., 2006) and provides data of alcohol consumption for different beverage types, including home-made or unrecorded alcohol which may be related to different diseases (Greenfield and Kerr, 2008) . The BSQF has also been proven to be suitable for multicultural and international comparisons (Gmel et al., 2006) . However, the BSQF has its own shortcomings. First, just like QF, it does not provide variability in measuring and does not give an estimate of volume of alcohol consumed per day or frequency of alcohol taking days directly (Gmel et al., 2006) .
The GF method uses a series of questions to obtain the frequency of alcohol consumed by drinkers in different levels of quantities (Greenfield, 2000) . It usually begins with the frequency of which is a large number of drinks (12+ drinks) and asks a succession of questions concerning the frequency of consuming graduating down to small quantities (8-11, 5-7, 3-4, 1-2 drinks) . It can measure the variability of alcohol consumption, especially to recognize heavy drinkers (Rehm, 1998) and provide drinking patterns (Graham et al., 2004) .
Two main difficulties arising in answering the GF questions are that the respondents have to be familiar with the definition of a standard drink and know that the amount of consumption of each level is mutually exclusive (Gmel et al., 2006) . Problems in using the GF have been studied, especially in countries like China where the general definition for a standard drink is not available (Greenfield and Kerr, 2008) .
The tri-level method uses a similar concept as the GF but with some modifications. The respondent is asked to think of his or her drinking in terms of low-, medium-and high-level drinking days. The type of beverage, amount of intake (number of bottles or cups or glasses) and days of drinking at each level are elicited in the past month and in a typical month (Assanangkornchai et al., 2000) . It does not require respondents to have a notion of a standard drink and can, to some extent, provide information of drinking patterns.
The tri-level approach originated from Saunders and Aasland (1987) to obtain a method of quantifying the amount of consumption that is internationally applicable. It has been used in several studies from different countries, including USA, Australia, Thailand and Bhutan (Bradley et al., 1998; Shourie et al., 2006; Assanangkornchai et al., 2010; Subady et al., 2013) .
The recent recall measures such as L7D and yesterday approaches require participants to recollect alcoholic beverages consumed in a short time. The main advantages are better recall and ease in understanding and answering. However, these methods cannot provide the whole picture of occasional drinkers and may misclassify these drinkers as abstainers (Bloomfield et al., 2011) .
The L7D method requires respondents to report the quantity of alcohol intake on each day of the previous week. It has been shown to yield higher estimates of alcohol consumption than the QF method in some studies (Hoeppner et al., 2010; Utpala-Kumar and Deane, 2010) , but lower in others (Williams et al., 1994) .
The yesterday method asks one or a series of questions related to the quantity of alcohol consumed on the day immediately prior to the interview. It is suitable for estimating alcohol consumption in a study with a large sample size (Stockwell et al., 2008) . This measure originated from a French national survey and has been used in Australia, Canada and USA (Stockwell et al., 2014) which showed that the approach yielded higher per capita alcohol consumption when compared with the QF, GF and L7D methods (Stockwell et al., 2014) . It also gives the estimates of the proportion of individuals with acute harm of alcohol consumption in a population and can be an adjunct of the GF method to measure long-term effects of alcohol consumption (Stockwell et al., 2004) .
The QF method with varied reference periods, i.e. past 12 months (Yin et al., 2011) , 3 months and 7 days, has been most frequently used in China (Zhou et al., 2011; Millwood et al., 2013; Yeung et al., 2013) . To our knowledge, there has been no research about methodological comparisons among Chinese populations.
The aim of this study is to compare four different methods, i.e. beverage-specific quantity-frequency (BSQF), tri-level, L7D and beverage-specific yesterday (BSY) methods to estimate (i) drinking indices, such as annual per capita consumption, and (ii) proportions of the population whose drinking puts them at risk of long-term health problems. Our study will contribute to the literature of the survey methods for alcohol consumption in a country with a large proportion of drinkers and where people are not familiar with the concept of a standard drink.
METHODS

Participants and recruitment settings
A cross-sectional survey was conducted in Lushui and Luquan counties of Yunnan province, China, between February and April, 2014. Lushui County is located in the west of Yunnan Province, close to the border of Myanmar and most populated by the Lisu ethnic group (55.4% of the whole population of the county). Luquan County is located in the north of Yunnan Province and more populated by Han (70%) and Yi (20.9%) ethnic groups. Eligibility criteria included being Han, Lisu or Yi, aged 12-35 years old and having resided in Lushui or Luquan for at least 6 months. This study is a part of a larger one comparing patterns of drinking among adolescents and young adults of different ethnic groups in China.
Sampling procedure
Three out of 9 and 6 out of 12 townships in Lushui and Luquan counties, respectively, were purposively selected due to their high proportion of Lisu, Han and Yi ethnicities. Among each township, three villages were selected using systematic sampling. Because of the mountainous geographical terrain and lack of official map or household registry at the village level, consecutive households, starting from the one closest to the village health unit within the selected village, were approached until the required sample size (20 households per village) was met. Within the selected household, all eligible respondents invited to participate in the study. If a subject was not at home, the house was revisited. If again the subject was not at home, a neighbouring house was visited. All data were collected by the first author and trained research assistants. The Ethics Review Committee of the Faculty of Medicine, Prince of Songkla University, approved the study protocol. Written informed consent was obtained from all participants before the interview. Respondents aged between 12 and 17 years answered the questionnaire by themselves after parental permission. This is an acceptable practice in a field study in China.
Measures
For the current paper, only data on demographics and alcohol consumption derived from a structured interview questionnaire were used. Demographic variables included age (stratified later to 12-18, 19-24 and 25-35 years), gender, education level ( primary school and below, junior high school, senior high school and above), ethnicity (Han, Lisu and Yi), marital status (single, married, divorced/separated/widowed), income and occupation (student, farmer and other).
Alcohol consumption was measured using four methods: beveragespecific quantity-frequency (BSQF), tri-level, L7D and BSY methods. For all methods, the respondents were asked to report the type, brand and beverage-specific amount of intake in a unit of container familiar to them, e.g. cup, glass, can or bottle. Pictures of various kinds of popular alcoholic beverages in Yunnan and a set of plastic cups and containers were used to facilitate respondents' recall of their alcohol volume consumed.
Lifetime abstainer was defined as a person who never drank more than one standard drink of alcohol in his/her life. Former drinker was defined as a person who had stopped drinking >12 months prior to the survey. Past 12-month drinker, past 30-day drinker, past 7-day drinker and yesterday drinker were defined as a person who drank at least one standard drink during the past 12 months, past 30 days, past 7 days and the day immediately before the survey, respectively.
The BSQF method used two questions to measure consumption of each type of beverage in the last year, (i) 'in the last 12 months how often did you have an alcoholic drink?' (options: every day, 5-6 days per week, 3-4 days per week, 1-2 days per week, 2-3 days a month, 1 day a month, 7-11 days a year, 4-6 days a year, 2-3 days a year, once in the past year and no drink in the past year); and (ii) 'on a day that you have drunk alcohol, how much do you usually drink (beer, wine, spirits and home-made alcohol)?'
For the tri-level method, the respondents were asked to provide the quantity of each type of alcoholic beverage they consumed in terms of high-, medium-and low-level drinking and the number of days they had drunk like that in the past 30 days. The respondents were also asked if the past month was a 'typical month', in the sense that their pattern of drinking was typical for that month. If not, they were asked about the number of drinking days for each level in a typical month.
The L7D method asked for the amount of all beverages drunk on each of the 7 days before the interview, beginning with the most recent day. The BSY method asked the amount of all alcohol beverages consumed the day before the interview. The day of the week that the respondent was interviewed was also recorded.
Calculations of consumption indices
The amount of alcohol consumed was calculated by multiplying the total volume (in litre) of alcohol consumed with the concentration of alcohol in each type of beverage and the specific gravity of alcohol (0.79). The alcohol concentration in each type of beverage was assumed to be 2.5-3.6% for beer, 30-58% for spirits and 25-57% for home-made alcohol, based on the alcohol beverages on the local market and in the respondents' homes. The total amount consumed during a person's single drinking day was calculated by aggregating the volumes of all types of beverages consumed.
BSQF
The frequencies of drinking were converted to number of days per year using the midpoint of each frequency category. For example, someone who drank 5-6 days per week would have a frequency of 5.5 × 52 = 286 drinking days per year. Total annual consumption was derived from the multiplication of the total amount of alcohol consumed in a drinking day with the number of drinking days. The average daily ethanol intake was calculated by dividing the annual volume by 365. The average ethanol intake per drinking day (drinking intensity) was calculated by dividing the annual volume by the number of drinking days per year. Average annual per drinker consumption was derived from total annual consumption of all drinkers divided by the number of drinkers while the annual per capita consumption was derived from this figure divided by the total sample.
Tri-level
The amount of alcohol consumed for each level in the past or typical month was first calculated from the multiplication of the quantity of all types of beverages consumed on a drinking day with the number of drinking days of that level. The total monthly consumption was derived from the sum of all levels of consumption. The average daily ethanol intake and drinking intensity were calculated by dividing the monthly consumption by 30.4 and by the number of drinking days in the month, respectively. To obtain a yearly frequency, the frequency of drinking in the past 12 months from the BSQF method was re-categorized as follows: every day to 30 days/month, 5-6 days per week to 22-29 days/month, 3-4 days per week to 14-21 days/ month, 1-2 days per week to 6-13 days/month and 2-3 days a month to 2-5 days/month. Lastly, 1 day a month, 7-11 days a year, 4-6 days a year, 2-3 days a year and once in the past year were combined to <2 days per month. The midpoints of the new frequency options (denoted as A in Table 1 ) were used in the calculation. The proportion of drinkers who reported drinking with a particular frequency in the past month among those who reported the same frequency over the past 12 months (denoted as D) was calculated. The adjusted drinking days per month (denoted as E) were calculated by multiplying A by D. The adjusted drinking days per year (denoted as F) were calculated by multiplying E by 12. Total annual consumption of a drinker was estimated by his/her drinking intensity multiplied by adjusted drinking days per year. Per capita consumption was estimated by aggregating the quantity of individuals' annual consumption and dividing by the number of subjects.
L7D
The weekly consumption was calculated by aggregating the quantity of all beverages consumed on each day of the past week. The daily intake was calculated by dividing the weekly quantity by 7 and drinking intensity by the number of drinking days in the past week (World Health Organization (WHO), 2000). For calculation of annual consumption, we used the similar method as the tri-level to get the adjusted yearly drinking days. The frequencies of 2-3 days a month, 1 day a month, 7-11 days a year, 4-6 days a year, 2-3 days a year and once in the past year were collapsed to <1 day per week. The midpoints of new frequency options (denoted as A in Table 2 ) were used in the calculation. The proportion of drinkers who reported drinking with a particular frequency in the past week among those who reported the same frequency over the past 12 months (denoted as D) was calculated. The adjusted drinking days per week (denoted as E) and adjusted drinking days per year (denoted as F) were calculated from multiplying A by D and E by 52, respectively. The first number is for all beverages, the first number in the brackets is for industry made spirits, second is for home-made spirits and the third one is for beer. '-' means no drinkers in that category. The first number is for all beverages, the first number in the brackets is for industry-made spirits, second is for home-made spirits and the third one is for beer. '-' means no drinkers in that category.
BSY
The adjusted number of drinking days in the past year was first calculated by multiplying the proportion of drinkers in each BSQF frequency category who reported drinking 'yesterday' with the midpoint of drinking days from each BSQF frequency category (Stockwell et al., 2014 ) (see Table 3 ). Because there is not much variation in the consumption between days of the week in a study population, adjustment of consumption by days of the week as suggested by Stockwell et al. (2004) was deemed unnecessary. Total annual consumption was then calculated by multiplying the adjusted number of drinking days with quantity of alcohol consumed yesterday and totalling it across all subjects. The per capita consumption of alcohol for people aged 12 and 35 was derived from the total annual consumption of all drinkers divided by the number of study subjects.
Respondents were classified as abstainers/low-risk drinkers (males who drink 0-40.0 g/day, females who drink 0-20.0 g/day), moderaterisk drinkers (males who drink 40.1-60.0 g/day, females who drink 20.1-40.0 g/day) and high-risk drinkers (males who drink 60.1+ g/day, females who drink 40.1+ g/day) according to methods used in our study (WHO, 2000) .
For the purpose of the present study, it is important to note that a within-subjects design has been used: that is, all four measures of alcohol consumption were assessed from each subject. One standard drink in our survey was defined as 10 g of pure ethanol.
Data management and statistical analysis
Data were entered and validated using Epidata (The EpiData Association, Odense, Denmark), version 3.1. R software version 3.0.3 was used for data analysis. Chi-square tests and rank sum tests were used for comparison of the four methods. A P-value <0.05 was used to indicate statistical significance.
RESULTS
Demographic characteristics
Visits were made to 867 households, of which 29 (3.3%) belonged to owners who refused to be interviewed or were unavailable after the second visit. Of these households, 1024 respondents were invited to participate in the study, of whom 47 (4.6%) refused or were unavailable during the survey. Among the 977 eligible subjects identified during the home visits, 326, 314 and 337 were Han, Yi and Lisu ethnicity, respectively. About half (470) of the respondents were female and aged 25-35 years. Most had an education level of junior high school or less. About half were married. The annual family income was 30,000 CNY and below in 67.1% of the subjects. Of all respondents, 61.8% were lifetime abstainers. The prevalence rates of past year, past month, past week and yesterday drinkers were 32.9, 24.2, 15.1 and 9.3%, respectively (Table 4) . Table 5 presents the alcohol consumption indices for each measurement method. The median daily intake was highest for the yesterday method (rank sum test, P < 0.01) while the drinking intensity was lowest; however, there was no significant difference in this index among the four approaches. The annual per drinker consumption measured by the tri-level method (1762.1 g) was higher compared with the BSY method (493.3 g) (rank sum test, P < 0.05). For comparison of beverage-specific annual per drinker consumption, the annual consumption of beer per drinker was similar for the BSQF, tri-level and L7D methods while it was significantly lower for the yesterday method Table 3 . Calculations of adjusted yearly drinking frequencies for the beverage-specific yesterday method using the observed proportions of yesterday drinkers in each BSQF response category 7-11 days in the past year The first number is for all beverages, the first number in the brackets is for industry-made spirits, second is for home-made spirits and the third one is for beer.
Drinking indices by method of measurement
'-' means no drinkers in that category.
(rank sum test, P < 0.05). Regarding the annual per capita consumption, the four methods yielded markedly different estimates (2094.2, 1430.8, 983 .0 and 409.7 g for BSQF, tri-level, L7D and BSY methods, respectively, rank sum test, P < 0.05). Based on the classification of risk levels of drinking, the percentages of non-low-risk drinkers were similar when calculated by BSQF and tri-level methods and significantly higher than those derived by the L7D and BSY methods (χ 2 test, P < 0.05).
DISCUSSION
This study compared drinking measured by four different methods, BSQF, tri-level, L7D and BSY in Yunnan province of China. These methods yielded substantially different estimates of alcohol consumption. While the tri-level method provided the highest daily drinking intensity and annual per drinker consumption, the BSQF gave the highest annual per capita consumption. The BSQF and tri-level methods gave the highest number of high-risk drinkers. The differences in these indices between methods could have resulted from different timeframes used in asking the frequency questions, unequal number of drinkers of each method and how drinkers approximated their consumption on a typical day, week or month. As aforementioned, each method has its advantages and drawbacks. In our study, the BSQF method gave the highest annual per capita consumption which was inconsistent with previous research (Stockwell et al., 2014 ) and may be due to different methods of calculation. In our study, we did not compute annual consumption for the tri-level, L7D and BSY method through multiplying monthly consumption by 12, weekly intake by 52.2 and yesterday's consumption by 365 as done in Stockwell and coworkers' (2014) study, but an adjusted number of drinking days was used instead.
Recent recall methods, L7D and BSY for example in our study, are prone to miss heavy episodic and infrequent drinkers (Ekholm et al., 2007; Toll et al., 2008) , and when these methods are applied, the annual consumption and risky drinking were underestimated. On the contrary, tools with longer reference periods such as BSQF and trilevel give higher estimates of annual consumption and risky drinking (Single and Wortley, 1993) , because they can capture more occasional heavy episodic consumption than tools with shorter time-frames (Greenfield and Kerr, 2008) . This may explain our findings since our study subjects were teenagers or young adults, and it is wellknown that for this age group, their drinking patterns are mostly occasional. According to 'Global status report on alcohol and health-2014' (WHO, 2014), annual alcohol per capita (15+) consumption was 6.7 l (5293.0 g) between 2008 and 2010 in China. This study showed that among our study population (12-35 year olds), BSQF gave the highest coverage for national consumption which is 39.6% (2094.2/5293.0 g) followed by tri-level 27.0% (1430.8/5293.0 g), L7D 18.6% (983.0/5293.0 g) and BSY 7.7% (409.7/5293.0 g). If a higher coverage is better, the BSQF approach is better than the other three methods in measuring per capita alcohol consumption.
As shown in other studies, methods that consider typical consumption in different drinking situations result in higher self-reported consumption (Single and Wortley, 1993) . These methods also provide higher proportions of high-risk drinkers who may have a greater contribution to the total volume of annual alcohol consumption in a population (World Health Organization (WHO), 2014). These reasons may explain why the tri-level method gave the highest daily drinking intensity and annual per drinker consumption in our study. The other advantages of this method for respondents seen in our study might be that it places less pressure on respondents in replying to questions, because it helps them easily recall their consumption by giving scenarios of distinguished drinking occasions and they need not summarise a long period consumption as does the BSQF approach. However, the important drawbacks of such method evidenced in our study were that it was sometimes hard to understand levels of high-, medium-and low-level drinking unless explicit explanations were given for each respondent and recalling became worse when the past month was not a typical drinking month.
In our study, respondents reported more daily consumption on the L7D and BSY methods than the BSQF and tri-level methods, which was similar to studies conducted in Switzerland (Heeb and Gmel, 2005) and Australia (Utpala-Kumar and Deane, 2010), although the Lifetime abstainer is defined as a person who never drank more than one standard drink of alcohol in his/her life; Former drinker is defined as a person who had stopped drinking >12 months prior to the survey; Past 12 months drinker, Past 30 days drinker, Past 7 days drinker and Yesterday drinker are defined as a person who had at least one standard alcohol drink during the past 12 months, past 30 days, past 7 days, and the day before survey, respectively. L7D and BSY methods are less subject to recall bias (Bloomfield et al., 2011) , the major weakness was that only 15.3 and 9.3% of the total subjects drank in the past week and yesterday, respectively, and could provide their consumption data. This may cause misclassification for non-past week and non-yesterday drinkers (Ekholm et al., 2007) , miss infrequent but heavy drinkers (Toll et al., 2008) and engender underestimation of expectant drinking settings (Dawson, 1998) or overestimation of abstinence (Rehm et al., 1999) . Beer was the most popular alcoholic beverage consumed by our study subjects, followed by industry-made spirits. The least common was home-made spirits which represents the unrecorded alcohol consumption. Beer and industry-made spirits were more popular in our study subjects probably because of their cheaper price and higher availability. This reflects that China has become the largest beerproducing country in the world (Tang et al., 2013) . Home-made alcohol, which usually is not under the monitoring of the government, may face some problems with methanol contamination, which increases the risk of poisoning (Lachenmeier and Rehm, 2009 ). The unrecorded alcohol consumption accounted for 6.4-18.5% of the total alcohol consumption in our study subjects as measured by our four approaches. Compared with the unrecorded consumption 1343.0 g (1343.0/5293.0 g, 25.4%) in China from years 2008 to 2010 (World Health Organization (WHO), 2014), our result was lower than this possibly, because the populations were different (age 12-35 versus age 15+).
Limitations of the present study must be acknowledged. The study only focussed on adolescents and young adults (age from 12 to 35 years) and was conducted in rural areas of Yunnan Province in China so the results cannot be generalized to the whole population. And also, there was possible bias related to the non-random selection of households. Moreover, the results may be affected by seasonal variation of alcohol consumption for a one time cross-sectional study. The large number of very low-frequency drinkers in the current sample (∼50% of drinkers consumed alcohol <2 days/month) may result in differential performance of each method in measuring various indices of alcohol consumption. Last, there were only 53 female past year, 26 past month, 10 past week and 9 yesterday drinkers. The low number of female drinkers precluded stratified analyses by males and females, and the results are largely driven by male drinkers. If we want to explore the useful and stable measuring methods of alcohol consumption in China, repeated and further studies among a wider population are needed.
CONCLUSION
Decisions about which method to use for estimating alcohol consumption may depend primarily on the purpose of the study. There is no optimum way to measure alcohol consumption (Dawson and Room, 2000) , and it is not possible that one measuring tool can meet all goals (Del Boca and Darkes, 2003) .
According to the results of our study and considering previous studies, the tri-level method can be a good approach in surveys for estimation of the annual alcohol consumption and risk drinking pattern among populations which are not familiar with the standard drink. The BSQF method can be used as a regular method in alcohol consumption to measure annual per capita consumption and risk drinking patterns, especially among regular drinkers. The L7D method will be a choice to consider for both acute consumption and related problems, and may be a better measure of weekly alcohol consumption than BSQF (Shakeshaft et al., 1999) . For the purpose of the study, a combination of methods can be used to augment the accuracy and coverage of alcohol consumption.
